Total hip replacement for high dislocation of the hip joint remains technically difficult in terms of preparation of the true acetabulum and restoration of leg length. We describe our experience of cementless total hip replacement combined with a subtrochanteric femoral shortening osteotomy in 20 hips with Crowe grade IV dislocation with a mean follow-up of 8.1 years (4 to 11.5). There was one man and 17 women with a mean age of 55 years (44 to 69) at the time of the operation.
Total hip replacement for high dislocation of the hip joint remains technically difficult in terms of preparation of the true acetabulum and restoration of leg length. We describe our experience of cementless total hip replacement combined with a subtrochanteric femoral shortening osteotomy in 20 hips with Crowe grade IV dislocation with a mean follow-up of 8.1 years (4 to 11.5). There was one man and 17 women with a mean age of 55 years (44 to 69) at the time of the operation.
After placment of the acetabular component at the site of the natural acetabulum, a cementless porous-coated cylindrical femoral component was implanted following a subtrochanteric femoral shortening osteotomy.
The mean Japanese Orthopedic Association hip score improved from a mean of 38 (22 to 62) to a mean of 83 points (55 to 98) at the final follow-up. The mean lengthening of the leg was 14.8 mm (-9 to 34) in patients with iliofemoral osteoarthritis and 35.3 mm (15 to 51) in patients with no arthritic changes. No nerve palsy was observed.
Total hip replacement combined with subtrochanteric shortening femoral osteotomy in this situation is beneficial in avoiding nerve injury and still permits valuable improvement in inequality of leg length.
Total hip replacement (THR) for high dislocation of the hip joint remains technically difficult in terms of preparation of the true acetabulum and restoring the equality of leg length, and as a procedure is performed infrequently. 1 However, THR can be undertaken in this situation if combined with simultaneous femoral osteotomy [2] [3] [4] [5] [6] after placement of the acetabular component in the anatomical position.
Avoidance of excessive lengthening of the leg which may result in nerve damage is obtained by shortening the femur. Cementless THR with a subtrochanteric femoral shortening osteotomy, rather than a proximal shortening osteotomy with distal advancement of the greater trochanter to restore abductor muscle function, has been described as it avoids the risk of fibrous union of the greater trochanter. 7 Patients with developmental dysplasia of the hip (DDH) are likely to have dysplastic morphology of the proximal femur, and require appropriately small femoral components for a narrow femoral canal. Cylindrical fully porous-coated anatomic medullary locking (AML) stems (DePuy International, Leeds, United Kingdom) have been shown to have good clinical outcomes in Japanese patients with poor bone quality. 8 The purpose of this study was to evaluate the effectiveness of THR combined with subtrochanteric shortening femoral osteotomy in patients with DDH.
Patients and Methods
We perfomed THR in 18 consecutive patients (20 hips) with DDH, between 1995 and 2004. There was one man and 17 women, with a mean age of 55 years (44 to 69) at operation. According to Crowe's classification 1 all 20 hips had grade IV dislocation. Eight had previously been treated with femoral osteotomy, including a Schanz 9 subtrochanteric valgus osteotomy in five and intertrochanteric valgus osteotomy in three. The patients were subdivided into two groups on the basis of whether or not the femoral head articulated with the ilium. One group of ten patients had iliofemoral osteoarthritis (OA), with the radiological features of joint formation between the pelvic wall and the dislocated femoral head. The other group of ten hips had a complete intramuscular dislocation without osteoarthritis. Previous operations had been performed in five of the hips with iliofemoral OA and three of those with an intramuscular dislocation.
The contralateral hip had untreated acetabular dysplasia in one, was normal in five, and THR had previously been undertaken in ten hips. The remaining four hips in two patients demonstrated bilateral Crowe IV dislocations.
The indication for THR in these patients was severe hip pain and impairment of daily activity, regardless of the presence of iliofemoral OA.
The distalisation of the greater trochanter, lengthening of the leg and the time to bony union were radiologically assessed. The position of the greater trochanter was expressed as the vertical distance between its tip and the inter-teardrop line. Discrepancy in leg length was determined by comparing the position of the greater trochanter between the affected and the contralateral hip on the anteroposterior pelvic radiographs before and after surgery. As the displacement of the greater trochanter was not equal to the lengthening of the leg after surgery, this was calculated by subtracting the recorded length of the intercalary femoral resection from the distalisation of the greater trochanter. Fixation of the femoral component was assessed using Engh's criteria, 10 and linear wear of the polyethylene liner, according to Livermore, Ilstrup and Morrey 11 at the final follow-up. Clinical evaluations included the Japanese Orthopedic Association (JOA) hip score, 12 which evaluates pain, range of movement, walking ability and daily activity and any surgical complications.
The observations in the hips with and without iliofemoral OA were examined and Student's t-test was used to compare the findings. Statistical significance was set at p = 0.05. Operative procedure. With the patient in the lateral decubitus position, a posterolateral approach was used. After resection of the femoral head through the femoral neck 1 cm proximal to the lesser trochanter, the joint capsule was totally excised to provide a wide view of the acetabulum. The intention was to place the acetabular component at the site of the natural acetabulum, although high placement by up to 1.5 cm was allowed. In all, 16 hips required an acetabular bone graft from the resected femoral head, secured with metal or absorbable screws, to provide support for the acetabular component. The 300 series Duraloc spiked acetabular component (DePuy International, Leeds, United Kingdom) was used without cement, or the 1200 series Duraloc cementless acetabular component (DePuy) was inserted with screw fixation.
Cobalt-chromium metal-on-conventional polyethylene bearings were used in this study. The diameter of the femoral head was 22.225 mm.
The femoral canal was reamed to a diameter of 0.5 mm smaller than the distal diaphysis. A transverse osteotomy of the shaft was fashioned 2 cm to 3 cm distal to the lesser trochanter and the trial stem was inserted into the proximal femur. The trial implant was then reduced into the acetabular component. The part of the distal femoral diaphysis Drawing showing a) the technique of subtrochanteric shortening osteotomy in patients with a completely dislocated hip (Crowe IV) and b) after resection of the femoral head and joint capsule, the acetabular component was placed at the level of the anatomical acetabulum. After resection of a part of the femoral diaphysis, a cementless cylindrical porous-coated stem was firmly inserted to bridge the osteotomised femur, with appropriate reorientation of the anteversion of the proximal femur. that overlapped the proximal femoral metaphysis distally when manual traction was applied to the lower leg was resected. The length of the resected femoral shaft ranged from 0 mm to 40 mm. In patients with a previous osteotomy, an additional wedge osteotomy was required to align the proximal and distal parts of the femur. Two of three hips with a previous Schanz valgus osteotomy required only 0 mm or 5 mm of intercalary femoral resection, whereas the other hip required more than 15 mm. The medial canal wall of the distal femur was contoured by a surgical burr to match the calcar of the femoral component in order to achieve rotational stability. The femoral diaphysis and metaphysis adjacent to the osteotomy were augmented by cerclage wire in cases where the femoral bone was thought to be at risk of developing a longitudinal fissure on impaction of the definitive component. The AML-Plus cementless cylindrical stem, a Solution stem (both DePuy) or a replica cementless stem (DePuy) was then implanted (Fig. 1) . The mean diameter of the femoral implants was 11 mm (9 to 15). The stem was inserted into the proximal canal matched to the medial curvature of the calcar, and an interference fit obtained within the distal femur with appropriate correction of anteversion. This method produced distalisation of the greater trochanter without traction on the sciatic nerve. During this process, it was possible to palpate for tension on the sciatic nerve and provide an atraumatic reduction of the hip.
Results
The mean follow-up was 8.1 years (4 to 11.5). The mean JOA score 12 increased from 38 (22 to 62) pre-operatively, to 83 (55 to 98) at the final follow-up. In 17 of the hips the score was over 70 points.
In patients without iliofemoral OA, radiographs showed that the mean distalisation of the greater trochanter was 67.8 mm (40 to 85), which when accompanied by a mean intercalary femoral resection of 32.5 mm (25 to 50), resulted in a mean lengthening of the leg by 35.3 mm (15 to 51) ( Table I, Fig. 2 ). In contrast, in patients with iliofemoral OA the distal displacement of the greater trochanter was only a mean of 36.3 mm (12 to 50), which with a mean intercalary femoral resection of 21.5 mm (0 to 40), produced a mean lengthening of the leg of only 14.8 mm (-9 to 34) ( Table II, Fig. 3 ). The inter-group differences in the displacement of the greater trochanter and lengthening of the leg were statistically significant (both p < 0.001). There were also differences in post-operative leg-length discrepancy, with a mean of 15.1 mm (0 to 27) and 9.7 mm (-17 to 32) in patients respectively without and with iliofemoral OA. In the case of bilateral Crowe IV dislocation (hips 17 and 18), the leg length was identical. In total, nine of the 11 hips in which lengthening of the leg was over 25 mm were found to be without iliofemoral OA, whereas eight of the nine hips that had less than 25 mm of leg lengthening were found to show iliofemoral OA.
Solid bony union of the femoral osteotomy was achieved within four to six months after operation, except in one hip where a proximal femoral fracture required a revision procedure.
All patients had bony ingrowth of the acetabular component and union of the acetabular bone graft within six months of the operation. No loosening of the acetabular component occurred in any patient. The mean linear wear of the polyethylene insert was 0.7 mm (SD 0.6), with three hips developing more than 1.6 mm of linear wear during follow-up periods exceeding ten years. An intra-operative proximal femoral fracture occurred in two hips, resulting in migration of the femoral component into varus in one. However, no progression of the varus deformity occurred, and stable fixation of the stem was eventually achieved. The other hip with a proximal fracture required revision of the stem. One hip without proximal fracture required revision 1.5 years after THR. In all, 19 of 20 hips eventually had bony ingrowth of the femoral components. The other had stable fibrous fixation. No other complications, such as deep infection, dislocation of the THR or symptomatic thromboembolic episodes, were observed. In particular, no nerve palsies involving the femoral nerve or the sciatic nerve were seen.
Discussion
THR for high dislocation of the hip remains technically difficult, and is undertaken relatively infrequently, 1 especially for intramuscular dislocation into the gluteus maximus, as pain is less commonly reported than with iliofemoral OA. The combination of cementless THR with corrective femoral osteotomy has been described elsewhere for patients with severe grades of DDH with secondary OA. 6, 13 Linde and Jensen 14 found that acetabular components placed in a high position tend to have early loosening because of the limited bone stock to provide support for the component. Others have observed that the rate of loosening was increased when a cemented acetabular component was placed in a position upward and lateral to that of the Table I ) who had Crowe IV complete dislocations of both hips without iliofemoral osteoarthritis. b) The post-operative radiographs after the patient underwent bilateral total hip replacements combined with subtrochanteric femoral shortening osteotomy, resulting in lengthening of the legs by 37 mm and 40 mm, respectively, without nerve palsy. natural acetabulum. [15] [16] [17] Accordingly, clinical studies of THR combined with femoral shortening [2] [3] [4] [5] 17 recommend that the acetabular component should be placed in a position corresponding to that of the original acetabulum. In following this principle, no loosening of the acetabular component has been observed during a mean follow-up of 8.1 years (4 to 11.5) in this series of patients.
Placement of the acetabular component at the site of the natural acetabulum with insertion of the femoral component in the anatomical position would produce excessive lengthening of the leg. Lengthening of the leg by more than 4 cm might result in sciatic or femoral nerve palsy. 18 Further, adductor contracture might also compromise reduction of the THR. Appropriate shortening of the proximal femur avoids these adverse effects.
Resection of the femoral neck as a method of controlling leg length has limitations. Excessive resection would require reattachment of the greater trochanter with the associated risk of weakening the abductor power through inadequate reattachment. As an alternative, subtrochanteric shortening at the osteotomy site will allow control of the leg length, preservation of the abductor mechanism and correction of anteversion.
There have been few reports regarding neurological complications in THR combined with shortenening femoral osteotomy, 6 and we did not observe any nerve palsy. Patients with DDH usually have a narrow femoral canal, which is unsuitable for bulky modular femoral components which, if used in THR combined with femoral osteotomy, may cause fissuring or fracture of the femur. 2 Cylindrical fully porous-coated AML stems have proved suitable for use in Japanese patients with a narrowed femur. 8 The mean height of the acetabulum (20% of the pelvic height) in patients with Crowe type IV dislocations 1 corresponded to 4 cm or more of leg length. Therefore, a shortening femoral osteotomy should be undertaken in conjunction with THR in patients with Crowe type IV dislocation to prevent nerve complications.
No benefits in any form have been received or will be received from a commercial party related directly or indirectly to the subject of this article. Table II ) with a Crowe IV dislocation and iliofemoral osteoarthritis. b) The post-operative radiograph after total hip replacement combined with subtrochanteric femoral shortening osteotomy, resulting in leg lengthening of only 6 mm. c) Radiographs at five years follow-up. 
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